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RESPONSES CF TROUT FRY HELD
I N SEALED PCLYETHYLENE BAGS

ABSTRACT

Tests were conducted at McCall Hatchery with rai nbow (Sal no
gairdneri) and cutthroat trout (Salno clarki) fry to determ ne proper
| oadi ng densities when held in pol yethyl ene bags for six hours.
Rai nbow trout at all sizes tested could be held successfully at a
density of no nore than 1 Ib/1.2 gal. Cutthroat trout between 917.7
and 1198.6/1b could be held successfully at a density of only 0.75 | b/
1.2 gal, while cutthroat at 488.5/1b perforned satisfactorily when held
at no nore than 1 Ib/1.2 gal. Hi gher netabolic rates and faster use of
avai |l abl e oxygen was determined to be the cause for the poor perfornance
of cutthroat trout as conpared with larger rainbow trout in early tests.

Aut hor :

Patrick F. Chapnman
Fi sh Hatchery Superintendent |



| NTRODUCT! ON

During the summer of 1981, MCall Hatchery personnel aerially
stocked nountain | akes with rainbow. trout (Salno gairdneri) and
rai nbow trout x cutthroat trout (Salno clarki) hybrid fry. For
each |l ake to be stocked, a maxi num of one pound of fry was | oaded
in a three-gallon polyethylene nilk bag containing slightly nore
than one gallon of chilled water and then each bag was infl ated
with oxygen and sealed. Prior to stocking, nortality of fry in
many bags exceeded 50% for reasons not fully understood (Chapnan
1981). Infection of the hybrids by various bacteria and parasites
undoubtedly contributed to the high nortality experienced by these
fish; however, the rai nbows sonetinmes experienced simlar |evels
of nortality, even though these fish were in apparently good
health. Loading trout fry at these densities did not result in
excessive nortality in the past at McCall Hatchery (Bill Doerr
personal conmmunication, Hagerman, |daho) or at Mackay Hatchery
(Bob Vaughn personal conmuni cation, Mackay, |daho).

Again in the summer of 1982, MCall. Hatchery personne
were to aerially stock nountain | akes with rai nbow trout and
cutthroat trout fry using the same nethods as in the past.
Little nortality of fry was anticipated between bag | oadi ng and
stocki ng, since the health of both species was excellent. However,
the first nountain | ake stocking flight revealed nortalities of up
to approximately 50%in bags | oaded with one pound of fry. Since
the cutthroat trout, in general, were experiencing higher nortalities
than the rainbow trout, it was felt that sone species-specific cause
of nmortality mnight be involved.

In an effort to deternine |oading densities for rainbow and
cutthroat trout fry resulting in minimal nortality and stress over
time periods similar to those experienced when aerially stocking
mount ai n | akes, bag-loading tests were i medi ately begun. These
tests were designed to inmtate, as closely as possible, conditions
experi enced and procedures used when | oading fish in bags and
stocki ng nountain | akes by plane. This report describes these
tests and the results, as well as the results of actual field
application of these findings.



OBJECTI VES

1. Determ ne maxi mum anount of rainbow and cutthroat trout
fry that can be | oaded in three-gallon polyethyl ene bags
whi | e mai ntai ni ng acceptable levels of nortality and
stress over periods of tinme simlar to those experienced
when st ocki ng nountain | akes.

2. Apply these findings to actual nountain |ake stocking
operations to achieve opti mumsurvival of fish while in
pol yet hyl ene bags.

3. Determne the cause of higher rates of nortality experienced
by cutthroat trout when | oaded in three-gallon polyethyl ene
bags at sinilar densities and conditions as rai nbow trout.

TECHNI QUES USED

Fish used in the tests were rai nbow trout originating from eggs
purchased from Aqua-Life Corporation (Buhl, Idaho), and cutthroat
trout originating fromeggs taken at Henrys Lake State Fish Hatchery
(Mack's Inn, ldaho). Eggs of both species were received at MCal
Sunmer Chi nook Sal non Hatchery (MCall, |daho) while in the eyed
stage, and were incubated and hatched in Heath vertical - stack
i ncubators (Heath Tecna Corporation, Kent, Washington). Follow ng
button-up, the fry were reared in concrete vats with water flows
sufficient to exceed three water exchanges per hour. Fry were fed
various comercially-prepared diets on an hourly basis. Fry were
wi t hhel d feed for 36 hours prior to beginning each test. Pound
counts were perforned using standard techni ques the day before each
test to determi ne average size of the fish

Twel ve tests were conducted between 29 July and 23 Sept enber
1982, using various conbi nati ons of |oading densities, water tenpera-
tures, and fish size for both species tested (Table 1). In addition
three tests without fish were conducted to serve as controls.

For each test, eight three-gallon polyethyl ene doubl e-wall ed
m | k bags manufactured by B-Bar-B, Inc. (New Al bany, |ndiana) were
| oaded with water, fish, and oxygen. In tests using chilled water,
ice was added to water contained in an 18-gallon washtub to naintain
wat er tenperatures between 3 and 5 C. Water tenperatures were
determined in all tests with a YSI Mdel 57 dissolved oxygen neter
(Yellow Springs Instrument Conpany, Yellow Springs, Chio). Water
used in all tests was obtained fromthe head of whichever vat
contained the fish tested. In chilled-water tests, a measured anount
of water was added to the bags by pouring it over ice contained in a
funnel. In unchilled-water tests, water was obtained directly from
the head of the vat and poured into each bag using the funne
wi t hout i ce.



Table 1. Tests conducted with rai nbow and cutthroat trout using varying size

fish, pounds of fish and anmounts of water and oxygen in pol yet hyl ene

bags.
Nurber Pounds
Test Speci es Per I n Gal | ons Amount (seconds) 1/
Nunber  Test ed Pound Bag Wat er Oxygen Added
1 Rai nbow 560. 7 1.0 1.2 10
2  Rai nbow 560. 7 1.5 1.2 10
3 Rai nbow 272.2 1.0 1.2 10
4  Rai nbow 272.2 1.25 1.2 10
5 Cutthroat 1198.6 1.0 1.2 10
6 Cutthroat 1198.6 0.75 1.2 10
7 Cutthroat 948.7 1.0 1.2 10
8 Cutthroat 917.7 1.0 1.2 10
9 Cutthroat 917.7 1. 1.22/ 10
10 Cutthroat  488.5 1. 1.2 10
11  Cutthroat  488.5 1.25 1.2 10
12 Cutthroat 488.5 0.75 0.53/ 12
13 Cont r ol - - 1.2 10
14  Control - 1.22/ 10
15  Control - - 0.5 12
1/ Oxygen injected at delivery pressure of 75 psi.
2/ Water not chilled with ice prior to |oading.
3/ 60% of water | oaded in bag chilled with ice.



VWen a bag was filled with the correct anmount of water, fry
were netted fromthe vat, weighed in a coffee can containing 740 m
wat er on an Chaus tripl e-beam bal ance (Chaus Scal e Corporati on,

Fl orham Park, NJ), and | oaded into the bag.

Each bag was i mediately injected with oxygen at 75 ps
delivery pressure using an acetylene cutting torch adapted with
rubber tubing terminating in a mlk bag cap. Oxygen was added to
each bag until pressure in the bag felt simlar to that of bags
| oaded for actual mountain | akes stocking flights, or approxinmately
ten and twel ve seconds of delivery tine for bags containing 1.2 and
0.5 gallons of water, respectively. After conpletion of oxygen
injection, the bag was sealed with the cap supplied with each bag.

Upon seal ing each bag, the time was recorded and the bag was
pl aced on the floor of the hatchery building in a flat position.
Room t enperatures during the study ranged between 14 and 18 C
Bags were not disturbed until they were checked at the concl usion
of the test. No attenpt was nade to m x the oxygen in the water
with agitation.

Di ssol ved oxygen content and water tenperature was measured
with the YST dissol ved oxygen probe and nunmber of nortalities noted
in the first bag | oaded for each test imediately after adding fish
(prior to injection with oxygen), and one-half hour after sealing
Subsequent bags were opened in the sequence | oaded and the sane
par amet ers measured at each hal f-hour interval up to two hours
el apsed tinme and hourly thereafter up to an el apsed tine of six
hours (Table 2).

Met hods used in control tests were the sane as other tests,
except no fish were added to these bags.

Records of water tenperatures (obtained with a hand-held
mercury thernometer) and fish nortality just prior to stocking
were kept during mountain | ake stocking flights.

Due to physical and time constraints involved in stocking
the | akes by plane, it was not possible to obtain dissolved oxygen
readi ngs.



Table 2. Schedule for measuring dissolved oxygen, water temperature,
and mortality in polyethylene bags.
Ba Hours sealed prior Baa Hours sealed prior
number to measurements number to measurements
1 0 4 2.0
1 0.5 5 3.0
2 1.0 6 4.0
3 1.5 7 5.0
8 6.0




FI NDI NGS

Initial tests with rainbow and cutthroat trout fry revealed a
mar ked difference in the perfornance of a species when | oaded in
pol yet hyl ene bags at different densities and a narked difference
bet ween t he perfornmance of both species when | ocaded at simlar
densities. Tests 1 and 2 with rainbow trout at 560.7/1b indicated
sati sfactory rates of oxygen consunption and nortality when this
species was | oaded at a density of 1 Ib/1.2 gal, but unsatisfactory
rates of oxygen consunption and nortality when | oaded at a density
of 1/51b/1.2 gal (Fig. 1). Cutthroat trout at 1,198.6/1b in Test 5
exhibited a different response to a | oading density of 1 Ib/1.2 ga
than did rainbow trout (Fig. 2). Cutthroat |oaded at this density
suffered unsatisfactory levels of nortality and oxygen content
neasured in the bags was | ow t hroughout the test. In contrast,
cutthroat trout in Test 6 at 1,198.6/1b | oaded at a density of
0.75 Ib/1.2 gal experienced little nortality and oxygen content in
t he bags was adequate throughout the test (Fig. 2).

Test 7 represents a duplicate of Test 5 using sonewhat | arger
cutthroat trout fry (948.7/1b) than Test 5 (1,198.6/1b). Cutthroat
trout in this test (Fig. 3) exhibited a nuch better response to a
| oadi ng density of 1 Ib/1.2 gal than did the smaller cutthroat in
Test 5. Mortality was nearly nonexistent in Test 7, while oxygen
content in the bags exhibited nuch higher levels than in Test 5

Tests 8 and 9 conpared the performance of cutthroat trout
at 917.7/1b when | oaded at densities of 1 |b/1.2 gal into bags
containing chilled and unchilled water (Fig. 4). Oxygen content
remai ned consistently and substantially |Iower in the unchilled
wat er as conpared to the chilled water, and nortality of fish in
t he bags containing unchilled water was somewhat greater than that
in chilled water bags.

I mredi ately follow ng these tests, mountain | ake stocking
flights were continued, using rainbow and cutthroat trout fry of
various sizes and at three different |oading densities. Flight 1
reveal ed unacceptable levels of nortality of cutthroat trout
(848.2/1b) in bags | ocaded at a density of 1 Ib/1.2 gal, but acceptable
survival in bags |oaded at densities of 0.75 Ib/1.2 gal (Table 3).

Rai nbow t rout averagi ng 453/1 b experienced negligible nortality when
| oaded in bags at a density of 1 1b/1.2 gal. Flights 2 and 3 had
excel l ent and acceptable |evels of nortality, respectively, in both
speci es.
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Tests 3, 4, 10, and 11 tested the response of rainbow and cutthroat
trout roughly twice the size of fish in earlier trials. Tests 3-and 4
reveal ed that rainbow trout averaging 272.2/1b suffered | ower |evels of
mortality and consumed | ess oxygen when | oaded at densities of 1 Ib/1.2
gal than did those |oaded at 1/25 Ib/1.2 gal (Fig. 5). Tests 10 and
11 using cutthroat trout averaging 488.5/1b exhibited an even nore
dramatic difference in the performance of those |oaded at 1 |Ib/1.2 gal
and of those |oaded at 1.25 Ib/1.2 gal (Fig. 6). Mortality and oxygen
consunmption were nmuch greater at the higher |oading density and were
at unacceptable levels.

Test 12 was conducted to investigate the response of cutthroat
trout when placed in bags containing only 0.5 gal water, while Test 15
was a control for this trial. Cutthroat trout at 488.5/1lb in Test 12
| oaded at 0.75 I b/ 0.5 gal experienced no nortality and had much higher
|l evel s of dissolved oxygen in the bags in this trial than any other
trial (Fig. 7). The control test, Test 15, investigated the rate of
oxygen uptake in 0.5 gal water and revealed a rapid increase in
di ssol ved oxygen content of the water to a point greater than 20 ppm
for the duration of the trial, and therefore, unnmeasurable with the
equi pment utilized in this study (Fig. 7)

Tests 13 and 14 also were control tests, but conpared the difference
in oxygen uptake of 1.2 gal of chilled and unchilled water. The chilled
water in Test 13 took up oxygen at a slightly greater rate than did the
unchilled water in Test 14 (Fig. 8); however, both reached dissolved
oxygen contents of greater than 20 ppm although at slightly slower
rates than Test 15.

DI SCUSSI ON

Tests 1, 2, 5, and 6 (Fig. 1 and 2) reinforced the results of
early mountain | ake stocking flights by showing that, with the bag
| oadi ng met hods used in past operations, no nmore than one | b of
rai nbow trout fry could be successfully held in bags for up to six
hours, while cutthroat trout could only survive well at densities
no greater than 0.75 | b per bag. Densities of fish at |evels
greater than these resulted inundesirable |evels of dissolved
oxygen in the water and high levels of mortality. Tests 7 and 8
(Fig. 3 and 4), however, indicated good survival and dissolved
oxygen content of the water when cutthroat of somewhat | arger
size were held at densities greater than those indicated as maxi num
for cutthroat trout in earlier tests.
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The data obtained from Tests 7 and 8 led to the belief that
perhaps cutthroat trout could indeed be held at greater densities
than indicated by earlier tests and so the next mountain | ake
stocking flight consisted of bags of fish |oaded at densities
resulting in good survival during initial tests. As Table 3
reveal s, rainbow trout performed well at a density of 1 |Ib/1.2 gal
but cutthroat trout performed very poorly at this density. When
held at a density of 0.75 Ib/1.2 gal, cutthroat exhibited good
survival

Based on these results, all subsequent mountain | ake stocking
flights were conducted using rainbow trout |oaded in bags at 1 |b/
1.2 gal and cutthroat trout |oaded at 0.75 Ib/1.2 bal. Mortality of
bot h species during these flights was usually nonexistent and rarely
exceeded five fish per bag.

That nmortality of cutthroat trout |oaded at 1 Ib/1.2 gal during
mount ai n | ake stocking flights was much greater than in tests under
simlar conditions is significant because it indicates that test
conditions did not sufficiently imtate actual stocking flight
conditions. It is obvious fromthese results that the handling of
the bags and ot her operations involved in stocking nountain |akes
is much nore stressful to trout fry, and cutthroat trout fry in
particul ar, than the operations that occurred during the tests.
This is inmportant because it reveals the need to maintain the
hi ghest | evels of dissolved oxygen possible in the water that trout
fry are held in prior to stocking in an effort to conpensate for
these stressful conditions.

After the initial nountain |lake stocking flights and prior to
initiation of these studies, concern was expressed that the cause
of the high nortalities observed during these flights mght be
tenperature shock resulting fromloading fish into water chilled
7-9 C below rearing water tenperatures. The fact that, in al
tests, nortalities did not generally occur until dissolved oxygen
content reached low levels and that nortality in Test 9 involving
unchilled water (Fig. 4) was actually higher than a simlar test
with chilled water tends to disprove this argunent. Loading fish
in chilled water, in fact, was beneficial because this nethod
resulted in higher |levels of dissolved oxygen throughout the test
than when | oaded in unchilled water. This result probably is due
to the fact that water of |ower tenperature has a greater affinity
for oxygen and uptakes oxygen at a faster rate than water of higher
tenperature, as is denonstrated in Tests 13 and 14 (Fig. 8), and
by the fact that fish in colder water have | ower rates of netabo-
lism and therefore require | ess oxygen than fish in warner water.
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Tabl e 3. Performance of

rai nbow and cutthroat trout fry of various sizes

contai ned i n pol yethyl ene bags during nountai n | ake stocking flights.

Nunber Pounds Tot al Appr oxi nat e Maxi num
_ _ Per In Fi sh Mortality \Water Tenp. (O
FI i ght Speci es Pound Bag 1/ Bagged At Stocking At Stocking
1 Rai nbow 453.0 1.0 5, 900 2 -
1 Cutthroat 848.2 0.75 3,180 21 -
1 Cutthroat 848.2 1.0 6, 784 700 -
2 Rai nbow 458. 9 1.0 10, 096 0 11.6
2 Cutthroat 870.0 0.75 3,915 0 11.6
3 Rai nbow 453.0 1.0 5, 889 20 17.2
3 Cutthroat 848.2 0.75 8,270 20 17.2
1/ Al bags contained 1.2 gallons chilled water.

17
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The fact that, in early tests, cutthroat trout were unable to
be held at the same densities as rainbowtrout led to the question
of why this was the case. Possible explanations offerred for this
finding were that since snaller fish have higher rates of netabolism
cutthroat trout probably consume nore oxygen than an equal weight of
| arger rainbow trout, or that cutthroat trout react differently to
the stress of being held in polyethylene bags than do rai nbow trout
of simlar size. To determine if either explanation was correct,
fish fromthe same vats as those used in earlier trials were tested
again after growing and approxi mately doubling in size. At the tine
of these trials, the cutthroat trout were slightly larger than the
rai nbow trout in earlier tests.

Tests 3 and 4 (Fig. 5) revealed that rainbow trout tw ce the
size of those used in earlier tests could not be held at higher
densities than those in the earlier tests. For the sizes of rai nbow
trout tested, a loading density of 1 Ib/1.2 gal appears to be the
upper linmt at MCall

Tests 10 and 11, however, reveal ed i nproved performance of
| arger-sized cutthroat trout over smaller fish in earlier tests
when | oaded at a density of 1 Ib/1.2 gal, but very poor performance
when | oaded at a density of 1.25 Ib/1.2 gal. The fact that cutthroat
and rainbow trout of simlar sizes in Test 10 and Test 1, respectively,
reacted simlarly to | oading densities of 1 Ib/1.2 gal supports the
hypot hesi s that the reason cutthroat at 1,198.6/1b could not be held
at the sane densities as rainbow at 560.7/1b is because of the
hi gher rate of netabolismfor snaller fish. The | arger-sized
cutthroat trout were not | oaded at the higher densities in field
applications, however, but presunmably they would performsatisfactorily.

Wiy the | arger rainbow trout in Tests 3 and 4 did not exhibit
simlar inproved responses due to increased size is unclear. In fact,
t he oxygen content curves and nortalities in Tests 3 and 4 were very
simlar to those in Tests 1 and 2, even though the fish in the forner
test were roughly twice as large as those in the latter test. It may
be that rainbow trout in this size range do not exhibit different
netabolic rates, and therefore little difference in oxygen consunption
woul d be noted in these tests.

This study confirns the fact that, at McCall Hatchery, rainbow
and cutthroat trout fry of the size range tested cannot be success-
fully held in polyethylene bags for six hours at densities exceeding

11b/1.2 gal, and snaller sizes of cutthroat trout cannot exceed
densities of 0.75 Ib/1.2 gal. These densities are equivalent to
0.83 I b/gal and 0.63 Ib/gal, respectively. However, Gebhards (1965)
reports successfully hol ding rai nbow and cutthroat trout of various
size ranges in polyethyl ene bags successfully for periods up to 12
hours at Mackay Hatchery when | oaded at a density of 0.75 I b/0.5 gal
This density is equivalent to 1.5 | b/gal and represents a density
50% greater than the nmaxi num density sustai nable at MCall Hatchery
for twice the tinme periods.
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A test using a | oading density equal to that reported by Gebhards
was performed (Fig. 7) and resulted in the highest sustained oxygen
|l evel s of any test during this study. Also, since no nortality was
experienced in this trial, the fish tested apparently sufferred the
| east ampunt of stress of all fish in the study. An obvious benefit
of using a smaller anount of water in bags is the rapidity of oxygen
absorption in the water as shown in Test 12, as well as in the contro
Test 15 as conmpared to all other tests and controls. By filling the
bag with a | arger volume of oxygen, more oxygen is available to the
fish, and presumably would sustain them for |onger periods of tine.

It is clear fromthis final test that considering | b/gal wil
not conmpletely predict the performance of trout fry held in polyethyl ene
bags, but rather some consideration of the ampunt of oxygen injected
into each bag must al so be given. Gebhards (1965) describes oxygen-
to-water ratios of 3 to 1 as yielding satisfactory survival rates, but
does not describe how the volume of oxygen injected in each bag
was measured. In this study, only relative amunts of oxygen injected
into each bag could be determ ned since a time release of oxygen at
75 psi was the method used. In Test 12, which yielded the best
results, 20% more oxygen was injected than in previous tests. This
met hod, however, does not describe the absolute volume of oxygen
injected into each bag, and consequently, is not easily used to
determ ne proper ratios of fish, water, and oxygen to load in
pol yet hyl ene bags. In future studies, a flow meter that rapidly
delivers oxygen into bags and neasures oxygen passed in liters/
m nute or some simlar units should be used

One water quality parameter that was not considered in this
study that may have a direct bearing on the maxi num | oadi ng density
achi eved in polyethylene bags at McCall Hatchery is pH. Gebhards
(1965) used water at a pH of 7.7 and achieved better results in
tests simlar to those reported here using water at a pH of 6.8
Proportions of toxic anmmonia and carbon dioxide are directly
related to pH values (Amend et al 1982), with the accunul ation
of toxic levels of carbon dioxide nore favorable at acidic val ues
whi | e al kal i ne val ues favor accumul ati on of toxic |evels of
amoni a.

Gebhards (1965) reported no difference in nortality rates of
trout between tests using tris buffer and tests with no buffer.
He did report | owered levels of carbon dioxide in tests using the
buffer, but felt higher levels of carbon dioxide were desirable and
hel ped anesthetize the fish tested, thereby | owering metabolic
rates and reduci ng oxygen consunption. Amend et al. (1982), however
demonstrated with tropical fish |oaded in bags that |ower carbon
di oxide levels controlled with tris buffer and | ower ammoni a
levels controlled with clinoptilolite resulted in lower mortality
rates.
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Based on these results, it woul d be advantageous to conduct
tests at McCall Hatchery with trout |oaded in bags containing
water treated with tris buffer and clinoptilolite to determ ne
if these additives will increase survival of trout |oaded at
densities greater than those determined to be satisfactory in
this study.

RECOMVENDATI ONS

1. Conduct further tests with various densities of trout held
in 0.5 gal water in polyethylene bags to deternine if better
results will be achieved than with 1.2 gal water.

2. Devel op an index relating weight of fish sustained in a
volune of water in bags injected with a volunme of oxygen
(i.e.: Ibs fish/gal HO/liter 0) and determ ne naxi num
val ues for this index at McCall hatchery.

3. Investigate the use of tris buffer and clinoptilolite to
control accunul ations of carbon di oxi de and ammonia in
pol yet hyl ene bags containing trout fry.
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